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1

THIN-FILM MAGNETIC HEAD HAVING A
MAGNETIC POLE FORMED OF A PLATING
FILM

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to a thin-film magnetic head
having a magnetic pole that 1s formed of a plating film, and a

method of manufacturing the same.
2. Description of the Related Art

Recently, magnetic recording devices such as magnetic
disk drives have been improved in recording density, and
thin-ilm magnetic heads and magnetic recording media of
improved performance have been demanded accordingly.
Among the thin-film magnetic heads, a composite thin-film
magnetic head has been used widely. The composite thin-film
magnetic head has a structure 1n which a reproducing head
including a magnetoresistive element (hereinaiter, also
referred to as MR element) for reading and a recording head
including an induction-type electromagnetic transducer for
writing are stacked on a substrate. The recording systems of
magnetic recording devices include a longitudinal magnetic
recording system wherein signals are magnetized 1n a direc-
tion along the plane of the recording medium (the longitudi-
nal direction) and a perpendicular magnetic recording system
wherein signals are magnetized 1n a direction perpendicular
to the plane of the recording medium. As compared with the
longitudinal magnetic recording system, the perpendicular
magnetic recording system 1s harder to be affected by thermal
fluctuation of the recording medium and capable of providing
higher linear recording density.

Typically, the longitudinal magnetic recording system and
the perpendicular magnetic recording system both use a thin-
f1lm magnetic head that has a structure 1n which a reproducing
head including a magnetoresistive element (hereinaiter, also
referred to as an MR element) for reading and a recording,
head including an induction-type electromagnetic transducer
for writing are stacked on a substrate. The recording head
includes a magnetic pole that 1s made of a magnetic material.
The magnetic pole includes a narrow portion and a wide
portion, for example. The narrow portion has a front end face
located 1n a medium facing surface that faces the recording
medium, and a rear end opposite to the front end face. The
wide portion 1s connected to the rear end of the narrow portion
and has a width greater than that of the narrow portion. The
magnetic pole produces, from the front end face of the narrow
portion, a recording magnetic field for recording data on the
recording medium. The width of the front end face of the
narrow portion defines the track width. To increase the
recording density, reduction 1n track width and improvement
in recording characteristics, such as overwrite property which
1s a parameter indicating an overwriting capability, are
required of the recording head.

A known method for forming the magnetic pole 1s to form
the magnetic pole by plating in a groove that has a shape
corresponding to the shape of the magnetic pole. For
example, U.S. Patent Application Publication No. 2009/
0162699 Al describes a method in which a seed layer 1s
initially formed 1n a groove of a pole-layer-encasing layer that
1s made of a nonmagnetic material, and then the magnetic
pole 1s formed 1n the groove by plating. U.S. Patent Applica-
tion Publication No. 2008/0316642 A1 describes a method in
which a resist pattern that has an opening having a shape
corresponding to that of the magnetic pole 1s formed on a
nonmagnetic film. The nonmagnetic film and the resist pat-
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2

tern are used to form a groove, and an electrode film 1s formed
in this groove before the magnetic pole 1s formed in the

groove by plating.

A description will now be given of problems that occur
with the formation of the magnetic pole having the narrow
portion and the wide portion by using the method of forming
the magnetic pole 1n a groove by plating. In such a case, the
groove has a narrow groove portion for accommodating the
narrow portion of the magnetic pole and a wide groove por-
tion for accommodating the wide portion of the magnetic
pole. An electrode film for plating 1s formed 1n the groove. In
the process ol forming the magnetic pole 1n the groove by
plating, a plating film grows from the surface of the electrode
film. Here, 1n the narrow groove portion, two portions of the
plating film that are grown from two portions of the electrode
f1lm lying on two sidewalls of the narrow groove portion meet
cach other to form a seam between the two portions of the
plating {ilm. This results 1n a seam 1n the middle of the narrow
portion as seen 1n the width direction.

The seam 1s a large, uniform crystal grain boundary. Impu-
rities are apt to segregate on the seam. The seam therefore
becomes low 1n mechanical strength and susceptible to cor-
rosion as compared with the other areas of the magnetic pole.
Consequently, 11 a seam 1s formed in the narrow portion of the
magnetic pole, the magnetic pole becomes prone to defects in
the process of manufacturing the thin-film magnetic head,
such as a deep recess in the position of the seam. The mag-
netic material has a lower density at the seam than 1n the other
areas ol the magnetic pole. The presence of the seam in the
narrow portion of the magnetic pole thus degrades the record-
ing characteristics such as overwrite property.

OBJECT AND SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a thin-film
magnetic head including a magnetic pole that 1s formed of a
plating film and has a narrow portion and a wide portion, the
magnetic head having no seam in the plating film 1n the
narrow portion, and to provide a method of manufacturing
such a thin-film magnetic head.

A thin-film magnetic head of the present invention includes
a medium facing surface that faces a recording medium, a
magnetic pole formed of a plating film, and an electrode film
provided under a part of the magnetic pole. The magnetic pole
includes a narrow portion and a wide portion, the narrow
portion having a front end face located 1n the medium facing
surface and a rear end opposite to the front end face, the wide
portion being connected to the rear end of the narrow portion
and having a width greater than that of the narrow portion.
The magnetic pole produces, from the front end face of the
narrow portion, a recording magnetic field for recording data
on the recording medium. The electrode film 1s provided not
under the narrow portion but under at least a part of the wide
portion.

In the thin-film magnetic head of the present invention, the
clectrode film may include a layer made of a nonmagnetic
metal material.

A head assembly of the present invention includes a slider
that 1s disposed to face a recording medium, and a supporter
that flexibly supports the slider. The slider includes the thin-
f1lm magnetic head of the present invention.

A magnetic recording device of the present invention
includes a recording medium, a slider that 1s disposed to face
the recording medium, and a positioning device that supports
the slider and positions the slider with respect to the recording
medium. The slider includes the thin-film magnetic head of
the present invention.
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A first method of manufacturing the thin-film magnetic
head of the present invention includes the steps of: forming a
plating-film-accommodating layer that has an accommodat-
ing groove 1n which the plating film 1s to be accommodated
later; forming the electrode film 1n a part of the accommodat-
ing groove; and forming the plating film in the accommodat-
ing groove by plating using the electrode film.

The accommodating groove includes a narrow groove por-
tion for accommodating the narrow portion of the magnetic
pole and a wide groove portion for accommodating the wide
portion of the magnetic pole. The electrode film 1s provided
not 1n the narrow groove portion but 1n at least a part of the
wide groove portion. In the step of forming the plating film,
the plating film grows from the surface of the electrode film,
and the narrow groove portion 1s filled with a part of the
plating film.

A second method of manufacturing the thin-film magnetic
head of the present invention includes the steps of: fabricating
a substructure by forming components of the thin-film mag-
netic head on a substrate, the substructure including a pre-
head portion that 1s to become the thin-film magnetic head
later and a to-be-removed portion that 1s to be removed later,
the to-be removed portion adjoining the pre-head portion
across a position where the medium facing surface 1s to be
tormed; and fabricating the thin-film magnetic head from the
substructure so that the to-be-removed portion 1s removed
from the substructure to form the medium facing surface.

The step of fabricating the substructure includes the steps
of: forming a plating-film-accommodating layer that has an
accommodating groove in which the plating film 1s to be
accommodated later; forming the electrode film 1n a part of
the accommodating groove; and forming the plating film in
the accommodating groove by plating using the electrode
film. The accommodating groove includes a narrow groove
portion for accommodating the narrow portion of the mag-
netic pole, a wide groove portion for accommodating the
wide portion of the magnetic pole, and a to-be-removed
groove portion that 1s provided 1n the to-be-removed portion
so as to be continuous with the narrow groove portion and 1s
to be removed later.

In the second method of manufacturing the thin-film mag-
netic head of the present invention, the electrode film has a
first part provided 1in at least a part of the wide groove portion
and a second part provided in a part of the to-be-removed
groove portion, the electrode film not being provided in the
narrow groove portion. The first part of the electrode film has
a lirst end that 1s closer to the position where the medium
facing surface 1s to be formed. The second part of the elec-
trode film has a second end that is closer to the position where
the medium facing surface 1s to be formed. A center position
at equal distances from the first end and the second end falls
within the to-be-removed portion. In the step of forming the
plating film, the plating film grows from the surfaces of the
first and second parts of the electrode film, and the narrow
groove portion 1s filled with a part of the portion of the plating
film that 1s grown from the surface of the first part of the
clectrode film.

In the second method of manufacturing the thin-film mag-
netic head of the present invention, the plating film preferably
has a thickness greater than % the distance between the first
end and the second end of the electrode film.

According to the thin-film magnetic head of the present
invention, the electrode film 1s provided not under the narrow
portion but under at least a part of the wide portion. This
makes 1t possible to provide a thin-film magnetic head in
which the narrow portion of the magnetic pole has no seam in
the plating film.
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According to the first or second method of manufacturing
the thin-film magnetic head of the present invention, the

clectrode film 1s provided not 1n the narrow groove portion but
in at least a part of the wide groove portion. The narrow
groove portion 1s filled with a part of the plating film that 1s
grown irom the surface of the electrode film provided 1n the
wide groove portion. According to the present invention, 1t 1s
thus possible to provide a thin-film magnetic head 1n which
the narrow portion of the magnetic pole has no seam in the
plating film.

Other objects, features and advantages of the present
invention will become fully apparent from the following
description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a front view showing a part of the medium facing
surface of amagnetic head according to an embodiment o the
invention.

FIG. 2 1s a cross-sectional view showing a cross section of
the main part of the magnetic head according to the embodi-
ment of the invention, the cross section being parallel to the
medium facing surface.

FIG. 3 1s a cross-sectional view showing a cross section of
the main part of the magnetic head according to the embodi-
ment of the invention, the cross section being perpendicular to
the medium facing surface.

FIG. 4 15 a plan view showing a part of the magnetic pole
and 1ts vicinity 1in the magnetic head according to the embodi-
ment of the imvention.

FIG. 5 1s a cross-sectional view showing the configuration
of the magnetic head according to the embodiment of the
invention.

FIG. 6 1s a front view showing the medium facing surface
of the magnetic head according to the embodiment of the
invention.

FIG. 7 1s a plan view showing the magnetic pole and a first
shield of the magnetic head according to the embodiment of
the mvention.

FIG. 8 1s a perspective view showing a slider including the
magnetic head according to the embodiment of the invention.

FIG. 9 1s a perspective view showing a head arm assembly
according to the embodiment of the invention.

FIG. 10 1s an explanatory diagram for explaining the main
part of a magnetic recording device according to the embodi-
ment of the imvention.

FIG. 11 1s a plan view of the magnetic recording device
according to the embodiment of the invention.

FIG. 12A to FIG. 12D are explanatory diagrams showing a
step of a method of manufacturing the magnetic head accord-
ing to the embodiment of the invention.

FIG. 13A to FIG. 13D are explanatory diagrams showing a
step that follows the step shown 1n FIG. 12A to FIG. 12D.

FIG. 14A to FIG. 14D are explanatory diagrams showing a
step that follows the step shown m FIG. 13A to FIG. 13D.

FIG. 15A to FIG. 15D are explanatory diagrams showing a
step that follows the step shown m FIG. 14A to FIG. 14D.

FIG. 16A to FIG. 16D are explanatory diagrams showing a
step that follows the step shown 1n FIG. 15A to FIG. 15D.

FIG. 17A to FIG. 17D are explanatory diagrams showing a
step that follows the step shown 1n FIG. 16A to FIG. 16D.

FIG. 18A to FIG. 18D are explanatory diagrams showing a
step that follows the step shown 1 FIG. 17A to FIG. 17D.

FIG. 19A to FIG. 19D are explanatory diagrams showing a
step that follows the step shown 1n FIG. 18A to FIG. 18D.
FIG. 20A to FIG. 20D are explanatory diagrams showing a

step that follows the step shown 1n FIG. 19A to FIG. 19D.



US 8,248,728 B2

S

FIG. 21A to FIG. 21D are explanatory diagrams showing a
step that follows the step shown i FIG. 20A to FIG. 20D.

FI1G. 22A to FIG. 22D are explanatory diagrams showing a
step that follows the step shown in FIG. 21A to FIG. 21D.

FI1G. 23A to FIG. 23D are explanatory diagrams showing a
step that follows the step shown i FIG. 22A to FIG. 22D.

FIG. 24 A to FI1G. 24D are explanatory diagrams showing a
step that follows the step shown m FIG. 23A to FIG. 23D.

FI1G. 25A to FIG. 25D are explanatory diagrams showing a
step that follows the step shown i FIG. 24 A to FIG. 24D.

FIG. 26A to FIG. 26D are explanatory diagrams showing a
step that follows the step shown i FIG. 25A to FIG. 25D.

FIG. 27 1s a plan view showing a part of a substructure
tabricated 1n the method of manufacturing the magnetic head
according to the embodiment of the invention.

FI1G. 28 1s an explanatory diagram showing the position of
the electrode film in the method of manufacturing the mag-
netic head according to the embodiment of the mvention.

FI1G. 29 15 an explanatory diagram showing a magnetic pole
formed by a method of manufacturing a magnetic head of a
comparative example.

FIG. 30 1s an explanatory diagram showing a magnetic pole
formed by the method of manufacturing the magnetic head
according to the embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

A preferred embodiment of the present invention will now
be described 1n detail with reference to the drawings. Refer-
ence 1s first made to FIG. 8 to describe a slider 210 including
a thin-film magnetic head (hereinatter, simply referred to as a
magnetic head) according to the embodiment of the mmven-
tion. The magnetic head according to the present embodiment
1s for use 1n perpendicular magnetic recording. In a magnetic
recording device, the slider 210 1s disposed to face a circular-
plate shaped recording medium (a magnetic disk) that 1s
driven to rotate. In FIG. 8, the X direction 1s a direction across
the tracks of the recording medium, the Y direction 1s a
direction perpendicular to the surface of the recording
medium, and the Z direction 1s the direction of travel of the
recording medium as seen from the slider 210. The X, Y and
/. directions are orthogonal to one another. The slider 210 has
a base body 211. The base body 211 1s nearly hexahedron-
shaped. One of the six surfaces of the base body 211 1s
designed to face the surface of the recording medium. At this
one of the six surfaces, there 1s formed a medium facing
surface 30 to face the recording medium. When the recording
medium rotates and travels 1n the 7 direction, an airflow
passing between the recording medium and the slider 210
causes a lift below the slider 210 1n the Y direction of FIG. 8.
This lift causes the slider 210 to fly over the surface of the
recording medium. The magnetic head 100 according to the
present embodiment 1s formed near the air-outtflow-side end
(the end 1n the Z direction) of the slider 210. A plurality of
terminals 212 are also provided at the air-outflow-side end of
the slider 210.

A head assembly according to the present embodiment will
now be described with reference to FI1G. 9. The head assembly
according to the present embodiment includes the slider 210
shown 1n FIG. 8 and a supporter that flexibly supports the
slider 210. Forms of the head assembly include a head gimbal
assembly and a head arm assembly described below.

First, the head gimbal assembly 220 will be described. The
head gimbal assembly 220 includes the slider 210, and a
suspension 221 serving as the supporter that flexibly supports
the slider 210. The suspension 221 includes: a plate-spring-
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shaped load beam 222 formed of, e.g., stainless steel; a tlex-
ure 223 to which the slider 210 1s joined, the flexure 223 being
provided at an end of the load beam 222 and giving an appro-
priate degree of freedom to the slider 210; and a base plate 224
provided at the other end of the load beam 222. The base plate
224 15 configured to be attached to an arm 230 of an actuator
for moving the slider 210 along the X direction across the
tracks of the recording medium 262. The actuator has the arm
230 and a voice coil motor that drives the arm 230. A gimbal
section for maintaining the ornientation of the slhider 210 1s
provided in the portion of the tlexure 223 on which the slider
210 1s mounted.

The head gimbal assembly 220 1s attached to the arm 230 of
the actuator. An assembly including the arm 230 and the head
gimbal assembly 220 attached to the arm 230 1s called a head
arm assembly. An assembly including a carriage having a
plurality of arms with a plurality of head gimbal assemblies
220 respectively attached to the arms 1s called a head stack
assembly.

FIG. 9 shows the head arm assembly according to the
present embodiment. In the head arm assembly, the head
gimbal assembly 220 1s attached to an end of the arm 230. A
coil 231 that forms a part of the voice coil motor 1s fixed to the
other end of the arm 230. A bearing 233 1s provided 1n the
middle of the arm 230. The bearing 233 1s attached to a shaft
234 for rotatably supporting the arm 230.

Reference 1s now made to FIG. 10 and FIG. 11 to describe
an example of the head stack assembly and the magnetic
recording device according to the present embodiment. FIG.
10 1s an explanatory diagram Showing the main part of the
magnetic recording device. FIG. 11 1s a plan view of the
magnetic recordmg device. The head stack assembly 250
includes a carriage 251 having a plurality of arms 252. A
plurality of head gimbal assemblies 220 are attached to the
arms 232 such that the assemblies 220 are aligned 1in the
vertical direction with spacing between every adjacent ones.
A co1l 253 that forms a part of the voice coi1l motor 1s mounted
on a side of the carriage 251 opposite to the arms 252. The
head stack assembly 250 1s installed 1n the magnetic record-
ing device. The magnetic recording device includes a plural-
ity of recording media 262 mounted on a spindle motor 261.
Two sliders 210 are allocated to each recording medium 262
such that the two sliders 210 are opposed to each other with
the recording medium 262 located therebetween. The voice
coll motor includes permanent magnets 263 arranged to be
opposed to each other with the coil 253 of the head stack
assembly 250 located therebetween. The actuator and the
head stack assembly 250 except the sliders 210 correspond to
the positioning device of the present invention, and support
the sliders 210 and position them with respect to the recording
media 262.

In the magnetic recording device according to the present
embodiment, the actuator moves the slider 210 across the
tracks of the recording medium 262 and positions the slider
210 with respect to the recording medium 262. The magnetic
head 1included 1 the slider 210 records data on the recording
medium 262 by using the recording head, and reproduces data
stored on the recording medium 262 by using the reproducing,
head.

Reference 1s now made to FIG. 1 to FIG. 7 to describe the
configuration of the magnetic head according to the present
embodiment. FIG. 1 1s a front view showing a part of the
medium facing surface of the magnetic head. FIG. 2 1s a
cross-sectional view showing a cross section of the main part
ol the magnetic head parallel to the medium facing surface.
FIG. 3 1s a cross-sectional view showing a cross section of the
main part of the magnetic head perpendicular to the medium
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facing surface. FIG. 4 1s a plan view showing a part of the
magnetic pole and 1ts vicinity 1n the magnetic head. FIG. 5 1s
a cross-sectional view showing the configuration of the mag-
netic head. FIG. 6 1s a front view showing the medium facing
surface of the magnetic head. FIG. 7 15 a plan view showing
the magnetic pole and a first shueld of the magnetic head. Note
that FIG. 3 and FIG. 5 each show a cross section perpendicu-
lar to the medium facing surface and the top surface of the
substrate. FIG. 2 shows a cross section taken along line 2-2 of

FIG. 3 and FIG. 4. The X, Y and Z directions shown in FIG.
8 are also shown 1n FIG. 1to FIG. 7. In FIG. 1, FIG. 2 and FIG.
6, the Y direction 1s orthogonal to the X and Z directions. In
FIG. 3 and FIG. 5, the X direction 1s orthogonal to the Y and
/. directions. In FIG. 4 and FIG. 7, the Z direction 1s orthogo-
nal to the X and Y directions. The track width direction 1n the
magnetic head 1s the same as the X direction.

As shown 1n FIG. 5, the magnetic head according to the
present embodiment has the medium facing surface 30 that
faces the recording medium. As shown in FIG. 5 and FIG. 6,
the magnetic head includes a substrate 1 made of a ceramic
material such as aluminum oxide-titanium carbide (Al,O,—
T1C), an msulating layer 2 disposed on the substrate 1, and a
bottom reproduction shield layer 3 made of a magnetic mate-
rial and disposed on the insulating layer 2.

The magnetic head further includes a magnetoresistive
(MR) element S as a reproducing element disposed on the
bottom reproduction shield layer 3, and two bias magnetic
field applying layers 6 that are located on opposite sides of the
MR element 5 1n the track width direction and apply a bias
magnetic field to the MR element 5. Note that not-shown
insulating films are respectively provided between each bias
magnetic field applying layer 6 and the bottom reproduction
shield layer 3, and between each bias magnetic field applying
layer 6 and the MR e¢lement 5. The magnetic head further
includes an insulating layer 7 disposed around the MR ele-
ment 5 and the bias magnetic field applying layers 6 on the
bottom reproduction shield layer 3, and a first top reproduc-
tion shield layer 8 made of a magnetic material and disposed
over the MR element 5, the bias magnetic field applying
layers 6 and the insulating layer 7.

An end of the MR element 5 1s located 1n the medium
facing surface 30. The MR element 5 may be a giant magne-
toresistive (GMR) element or a tunneling magnetoresistive
(TMR) element, for example. The GMR element may be of
either the current-in-plane (CIP) type 1n which a sense current
for detecting magnetic signals 1s fed in a direction nearly
parallel to the plane of layers constituting the GMR element
or the current-perpendicular-to-plane (CPP) type in which the
sense current 1s fed 1n a direction nearly perpendicular to the
plane of layers constituting the GMR element.

If the MR element 5 1s a TMR element or a CPP-type GMR
clement, the bottom reproduction shield layer 3 and the first
top reproduction shield layer 8 may also function as elec-
trodes for feeding the sense current to the MR element 5. FIG.
5 shows the case where the MR element 5 1s a TMR element
or a CPP-type GMR element. If the MR element 5 1s a CIP-
type GMR element, insulating films are respectively provided
between the MR element 5 and the bottom reproduction
shield layer 3 and between the MR element 5 and the first top
reproduction shield layer 8, and two wiring layers for feeding
the sense current to the M. { clement 5 are provided between
these insulating films.

The magnetic head further includes a nonmagnetic layer 9
and a second top reproduction shield layer 10 that are
arranged 1n this order on the first top reproduction shueld layer
8. The nonmagnetic layer 9 1s made of anonmagnetic material
such as alumina. The second top reproduction shield layer 10
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1s made of a magnetic material. The parts from the bottom
reproduction shield layer 3 to the second top reproduction
shield layer 10 constitute the reproducing head.

The magnetic head further includes: an insulating layer 11
made of an 1nsulating material and disposed on the second top
reproduction shield layer 10; a coil 12 disposed on the 1nsu-
lating layer 11; an insulating layer 13 made of an msulating
material and disposed around the coil 12 and in the space
between every adjacent turns of the coil 12; and an 1insulating
layer 14 made of an msulating material and disposed around
the 1nsulating layer 13. The coil 12 is planar spiral-shaped.
The coil 12 and the insulating layers 13 and 14 are flattened at
the top. The msulating layers 11 and 14 are made of alumina,
for example. The 1nsulating layer 13 1s made of photoresist,
for example. The coil 12 1s made of a conductive material
such as copper. The magnetic head further includes an 1nsu-
lating layer 15 made of an 1nsulating material and disposed
over the top surfaces of the coi1l 12 and the isulating layers 13
and 14. The nsulating layer 15 1s made of alumina, for
example.

As shown 1 FIG. 1 to FIG. 3, the magnetic head further
includes a nonmagnetic metal layer 16 made of a nonmag-
netic metal material, and a nonmagnetic layer 17 made of a
nonmagnetic material. The nonmagnetic metal layer 16 1s
disposed on the insulating layer 15. The nonmagnetic layer 17
1s disposed on an area of the nonmagnetic metal layer 16 other
than the area near the medium facing surface 30. The non-
magnetic metal layer 16 1s made of 11, for example. The
nonmagnetic layer 17 1s made of, for example, an 1norganic
insulating material such as alumina. The nonmagnetic metal
layer 16 1s omitted 1n FIG. § and FIG. 6.

The magnetic head further includes a magnetic pole 20
made of a magnetic material, a recording shield 40 made of a
magnetic material, and a recording gap layer 50 made of a
nonmagnetic material and provided between the magnetic
pole 20 and the recording shield 40. The magnetic pole 20 and
the recording shield 40 may each be made of NiFe, CoFe,
CoNiFe, CoN1, FeCo, or FeNi, for example. The nonmag-
netic material used to form the recording gap layer 30 may be
an insulating material or a nonmagnetic metal material. The
material used for the recording gap layer 50 may be alumina,
for example.

As shown in FIG. 4 and FIG. 7, the magnetic pole 20
includes a narrow portion 20A and a wide portion 20B. The
narrow portion 20A has a front end face 20A1 located 1n the
medium facing surface 30, and a rear end opposite to the front
end face 20A1. The wide portion 20B 1s connected to the rear
end of the narrow portion 20A and has a width greater than
that of the narrow portion 20A. The magnetic pole 20 pro-
duces, from the front end face 20A1 of the narrow portion
20A, a recording magnetic field for recording data on the
recording medium by means of the perpendicular magnetic
recording system. The width (dimension 1n the X direction) of
the narrow portion 20A 1s almost uniform, regardless of the
distance from the medium facing surface 30. At the boundary
between the narrow portion 20A and the wide portion 20B,
the wide portion 20B shows a sudden increase 1n width rela-
tive to the width of the narrow portion 20A. The width of the
wide portion 20B gradually increases with increasing dis-
tance from the medium facing surface 30, and then becomes
uniform.

As shown 1n FIG. 1 and FIG. 2, the magnetic pole 20 has a
bottom surface 205, a top surface 20c¢, and a first side surface
204 and a second side surface 20¢ that are located at opposite
ends 1n the track width direction. The distance between the
first side surface 204 and the second side surface 20e 1n the
track with direction decreases toward the top surface of the
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substrate 1. In the example shown 1n FI1G. 1, the bottom end of
the first side surface 204 and the bottom end of the second side
surface 20e 1tersect to form an edge 1n the narrow portion
20A. The bottom surface 205 i1s thus formed only 1n the wide
portion 20B. The narrow portion 20A, however, may also
have the bottom surtace 205.

As shown 1 FIG. 3, the top surface 20¢ of the magnetic
pole 20 has a first part 20c1 and a second part 20¢2. The first
part 20c1 has a first edge E1 located in the medium facing
surface 30, and a second edge E2 opposite thereto. The sec-
ond part 20c2 1s located farther from the medium facing
surface 30 than 1s the first part 20¢1 and connected to the first
part 20c1 at the second edge E2.

The distance between the top surface of the substrate 1 and
an arbitrary point on the first part 20c1 increases with increas-
ing distance between the arbitrary point and the medium
facing surface 30. The angle of inclination of the first part
20c1 with respect to the direction perpendicular to the
medium facing surface 30 (theY direction) 1s within the range
of 15 to 35 degrees, for example.

Therecording shield 40 has an end face that is located in the
medium facing surface 30 to wrap around the front end face
20A1 of the narrow portion 20A of the magnetic pole 20. The
recording shield 40 includes a first shield 41 and a second
shield 42 each of which has an end face located 1n the medium
facing surface 30. The recording gap layer 50 includes a first
gap layer 51 and a second gap layer 52 each of which has an
end face located 1n the medium facing surface 30.

The first gap layer 51 has a first part 51A and a second part
51B. The first part 51A 1s disposed on the top surface of an
area of the nonmagnetic metal layer 16 on which the nonmag-
netic layer 17 1s not provided, and along the sidewall of the
nonmagnetic layer 17 that faces the area. The first shield 41 1s
disposed above the nonmagnetic metal layer 16 with the first
part 51A therebetween. The first shield 41 and the nonmag-
netic layer 17 have respective grooves that are continuous
with each other. A part of the magnetic pole 20 including the
narrow portion 20A 1s accommodated in the groove of the first
shield 41. The other part of the magnetic pole 20 1s accom-
modated in the groove of the nonmagnetic layer 17. The
second part 51B of the first gap layer 51 1s provided i the
groove of the first shield 41, being interposed between the first
shield 41 and the magnetic pole 20. As shown 1n FIG. 3, the
first part 51A and the second part 51B are continuous with
cach other. In FIG. 5 and FIG. 6, the first part 51A 1s omitted
and the second part 51B is designated by the reference
numeral 51.

The magnetic head further includes a nonmagnetic layer 62
made ol a nonmagnetic material, and an electrode film 19.
The nonmagnetic layer 62 1s provided 1n the groove of the
nonmagnetic layer 17, being interposed between the nonmag-
netic layer 17 and the magnetic pole 20. The electrode film 19
1s provided 1n the groove of the nonmagnetic layer 17, being
interposed between the nonmagnetic layer 62 and the mag-
netic pole 20. The nonmagnetic layer 62 1s made of alumina,
for example.

The electrode film 19 1s intended to be used as an electrode
and seed layer when a plating film to become the magnetic
pole 20 1s formed by plating. The electrode film 19 may
include one or more nonmagnetic metal layers made of a
nonmagnetic metal material. The one or more nonmagnetic
metal layers may include a first layer for improving the adhe-
sion of the electrode layer 19 to a layer underlying the same,
and a second layer provided on the first layer for the purpose
of improving the soft magnetic properties of the magnetic
pole 20. The first layer contains one or more elements selected
from the group consisting of T1, Cr, and Ta, for example. The
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second layer contains one or more elements selected from the
group consisting of Ru, Rh, Ir, Cr, Cu, Au, Ag, Pt, and Pd, for
example. U.S. Pat. No. 7,294,418 B2 discloses that forming a
magnetic layer composed of Fe and Co on a nonmagnetic
layer containing one or more elements selected from the
group consisting of Ru, Rh, Ir, Cr, Cu, Au, Ag, Pt, and Pd
improves the soit magnetic properties of the magnetic layer.
The electrode film 19 may further include a layer of magnetic
metal that 1s formed on the foregoing one or more nonmag-

netic metal layers.

Themagnetic head further includes anonmagnetic layer 67
made of a nonmagnetic material and interposed between the
first part 51 A of the first gap layer 51 and the first shield 41.
The nonmagnetic layer 67 1s made of alumina, for example.

The magnetic head further includes anonmagnetic layer 22

made of a nonmagnetic material and disposed on the second
part 20¢2 of the top surface 20c¢ of the magnetic pole 20. The
nonmagnetic layer 22 may be composed of a single layer or a
plurality of layers. The nonmagnetic material used to form the
nonmagnetic layer 22 may be an insulating material or a
nonmagnetic metal material. The nonmagnetic layer 22 has a
bottom surface 22q that 1s in contact with the second part
20c2, and a top surface 225 opposite to the bottom surface
22a. The position of the end of the bottom surface 22a closer
to the medium facing surface 30 coincides with the position of
the second edge E2. The nonmagnetic layer 22 further has an
oblique surface 22¢ and a connecting surface 22d4. The
oblique surface 22¢ has an end that coincides with the end of
the bottom surface 22a closer to the medium facing surface
30. The connecting surface 22d connects the end of the
oblique surface 22¢ farther from the medium facing surface
30 and the end of the top surface 225 closer to the medium
facing surface 30. The distance between the top surface of the
substrate 1 and an arbitrary point on the oblique surface 22¢
increases with increasing distance between the arbitrary point
and the medium facing surface 30. The angle of inclination of
the oblique surface 22¢ with respect to the direction perpen-
dicular to the medium facing surface 30 (the Y direction) 1s
equal to or approximately equal to the angle of inclination of
the first part 20c1 with respect to the direction perpendicular
to the medium facing surface 30. The connecting surface 224
1s parallel to the medium facing surtace 30, for example.

The second gap layer 52 1s disposed to cover the first part
20c1 of the top surface 20c¢ of the magnetic pole 20 and the
oblique surface 22¢, the connecting surface 224 and the top
surface 225 of the nonmagnetic layer 22. As shown in FIG. 5,
a part of the top surface 20c¢ of the magnetic pole 20 away
from the medium facing surface 30 1s not covered with the
nonmagnetic layer 22 and the second gap layer 52. The sec-
ond shield 42 1s disposed over the second gap layer 52, the
first shield 41 and the nonmagnetic layers 17 and 67.

The second shield 42 has a bottom surface 1n contact with
the second gap layer 52. The bottom surface of the second
shield 42 bends to be opposed to the magnetic pole 20 and the
nonmagnetic layer 22, with the second gap layer 52 inter-
posed between the second shield 42 and each of the magnetic
pole 20 and the nonmagnetic layer 22. The distance between
the bottom surface of the second shield 42 and the second part
20c2 1s greater than the distance between the bottom surface
of the second shield 42 and the first part 20c1.

FIG. 4 shows an example where the distance from the
medium facing surface 30 to the boundary between the nar-
row portion 20A and the wide portion 20B 1s smaller than the
distance from the medium facing surface 30 to the second
edge E2. However, the distance from the medium facing
surface 30 to the boundary between the narrow portion 20A
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and the wide portion 20B may be equal to or greater than the
distance from the medium facing surface 30 to the second
edge BE2.

The magnetic head further includes a yoke layer 23 dis-
posed on the part of the top surface 20¢ of the magnetic pole
20 away from the medium facing surface 30. The yoke layer
23 1s made of a magnetic material. The material of the yoke
layer 23 may be NiFe, CoFe, CoNiFe, CoNi, FeCo, or FeNu,
for example.

The magnetic head further includes a nonmagnetic layer 24
made ol a nonmagnetic material and disposed around the
second shield 42 and the yoke layer 23. The second shield 42,
the yoke layer 23, and the nonmagnetic layer 24 are flattened
at the top. The nonmagnetic matenal used to form the non-
magnetic layer 24 may be an insulating material or anonmag-
netic metal material.

The magnetic head further includes: an isulating layer 25
disposed over areas of the top surfaces of the yoke layer 23
and the nonmagnetic layer 24 above which a coil 26 men-
tioned below 1s to be disposed; the coil 26 disposed on the
insulating layer 25; and an insulating layer 27 covering the
coill 26. The msulating layer 25 1s made of alumina, for
example. The coil 26 i1s planar spiral-shaped. The coil 26 1s
made of a conductive material such as copper. The insulating,
layer 27 1s made of photoresist, for example.

The magnetic head further includes a return voke layer 28
disposed over the second shield 42, the insulating layer 27 and
the yoke layer 23. The return yoke layer 28 magnetically
couples the second shield 42 and the yoke layer 23 to each
other. A part of the coil 26 passes between the yoke layer 23
and the return yoke layer 28. The return yoke layer 28 1s made
of a magnetic material. The material of the return yoke layer
28 may be NiFe, CoFe, CoNiFe, CoNi, FeCo, or FeNi, for
example.

The magnetic head further includes a protection layer 29
that 1s made of an insulating material such as alumina and
disposed to cover the return yoke layer 28. The parts from the
coil 12 to the return yoke layer 28 constitute the recording
head.

As has been described, the magnetic head according to the
present embodiment includes the medium facing surface 30
that faces the recording medium, the reproducing head, and
the recording head. The reproducing head and the recording
head are stacked on the substrate 1. The reproducing head 1s
disposed backward along the direction of travel of the record-
ing medium (the Z direction) (in other words, disposed closer
to the air intlow end of the slider), while the recording head 1s
disposed forward along the direction of travel of the recording
medium (1n other words, disposed closer to the air outtlow
end of the shider).

The reproducing head includes: the MR element 5 as the
reproducing element; the bottom reproduction shield layer 3
and the first top reproduction shield layer 8 for shielding the
MR element 5, the shield layers 3 and 8 having respective
portions that are located near the medium facing surface 30
and are opposed to each other with the MR element 5 ther-
cbetween; and the two bias magnetic field applying layers 6
disposed on opposite sides of the MR element 5 1n the track
width direction.

The recording head includes the coil 12, the magnetic pole
20, the recording shield 40, the recording gap layer 50, the
nonmagnetic layer 22, the yoke layer 23, the coil 26, and the
return yoke layer 28. When a recording electric current 1s
supplied to the coils 12 and 26, the coils 12 and 26 produce
magnetic fields 1n opposite directions at their respective cen-
ters. The coil 26 produces a magnetic field corresponding to
data to be recorded on the recording medium. The coil 12
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produces a magnetic field that prevents the magnetic field
produced by the coil 26 from affecting the reproducing head.
Note that the coil 12 1s not an essential component of the
recording head and can be dispensed with.

The magnetic pole 20 allows a magnetic flux correspond-
ing to the magnetic field produced by the coil 26 to pass, and
produces a recording magnetic field from the front end face
20A1 of the narrow portion 20A, the recording magnetic field
being intended for recording data on the recording medium
by means of the perpendicular magnetic recording system.

As shown in FIG. 6, the recording shield 40 has an end face
that 1s located 1n the medium facing surface 30 to wrap around
the front end face 20A1 of the narrow portion 20A of the
magnetic pole 20. The recording shield 40 mcludes the first
shield 41 and the second shield 42. The recording gap layer 50
1s provided between the magnetic pole 20 and the recording
shield 40. The recording gap layer 50 includes the first gap
layer 51 and the second gap layer 52.

In the medium facing surface 30, the end face of the second
shield 42 1s located forward of the front end face 20A1 of the
narrow portion 20A of the magnetic pole 20 along the direc-
tion of travel of the recording medium (the Z direction) with
a predetermined distance provided therebetween by the thick-
ness of the second gap layer 52. The thickness of the second
gap layer 52 1s preferably equal to or smaller than 200 nm, or
more preferably within the range of 25 to 50 nm, so that the
second shield 42 can fully exhibit its function as a shield.

The position of the end of a bit pattern to be recorded on the
recording medium depends on the position of an edge of the
front end face 20A1 of the narrow portion 20A located 1n the
medium facing surface 30, the edge being closer to the second
gap layer 52. The recording shield 40 takes in a magnetic flux
that 1s generated from the front end face 20A1 of the narrow
portion 20A located in the medium facing surface 30 and that
expands 1n directions other than the direction perpendicular
to the plane of the recording medium, so that the magnetic
flux 1s prevented from reaching the recording medium. In the
present embodiment, 1n particular, the end face of the record-
ing shield 40 1s disposed 1n the medium facing surface 30 to
wrap around the front end face 20A1 of the narrow portion
20A of the magnetic pole 20. This serves to increase the
gradient of the recording magnetic field and to suppress adja-
cent track erase. The improvement ol recording density 1s
made possible by these functions. The adjacent track erase
refers to the phenomenon that signals already recorded on one
or more tracks that are adjacent to a track targeted for record-
ing are erased or attenuated when recording a signal on the
track targeted for recording.

The recording shield 40 also takes 1n a disturbance mag-
netic field that 1s applied to the magnetic head from the
outside thereof. This makes it possible to prevent erroneous
recording on the recording medium caused by the disturbance
magnetic field intensively taken into the magnetic pole 20.
Therecording shield 40, the return yoke layer 28 and the yoke
layer 23 also have the function of returning a magnetic flux
that has been generated from the end face of the magnetic pole
20 and has magnetized the recording medium.

A method of manufacturing the magnetic head according
to the present embodiment will now be described. The
method of manufacturing the magnetic head according to the
embodiment includes the steps of: fabricating a substructure
by forming components of the magnetic head on a substrate,
the substructure including a pre-head portion that i1s to
become the magnetic head later and a to-be-removed portion
that 1s to be removed later, the to-be-removed portion adjoin-
ing the pre-head portion across the position where the
medium facing surface 30 1s to be formed; and fabricating the
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magnetic head from the substructure so that the to-be-re-
moved portion 1s removed from the substructure to form the
medium facing surface 30. The substructure may include
pre-head portions that are arranged in a plurality of rows.
Hereinafiter, the method of manufacturing the magnetic head
will be described further mn conjunction with an example
where the substructure includes a plurality of pre-head por-
tions arranged 1n a plurality of rows.

FIG. 27 1s a plan view showing a part of the exemplary
substructure. The substructure shown 1n FIG. 27 includes a
plurality of pre-head portions 101 arranged 1n a plurality of
rows. In FIG. 27, the symbol ABS indicates the positions
where the medium facing surfaces 30 are to be formed. Here,
an array of pre-head portions 101 1n the direction parallel to
the medium facing surfaces 30, 1.e., in the horizontal direction
of FIG. 27, will be referred to as a row.

The substructure further includes inter-row to-be-removed
portions 112 located between every two adjoining rows, and
intra-row to-be-removed portions 113 located between every
two adjoining pre-head portions 101 1n each row. The inter-
row to-be-removed portions 112 and the intra-row to-be-
removed portions 113 are both intended to be removed later
sO as not to remain in the magnetic heads.

In the step of fabricating the magnetic head from the sub-
structure shown 1n FIG. 27, the substructure 1s cut in the
positions of the inter-row to-be-removed portions 112 and the
intra-row to-be-removed portions 113, whereby the plurality
of pre-head portions 101 are separated from each other and
the medium facing surfaces 30 are formed 1n the respective
positions ABS where to form the medium facing surfaces 30.
More specifically, the medium facing surfaces 30 are formed
by polishing the cut surfaces of the substructure in the posi-
tions of the respective inter-row to-be-removed portions 112.
A plurality of magnetic heads are thereby fabricated from the
substructure.

Next, the method of fabricating the substructure will be
described in detail with attention focused on a single pre-head
portion 101 and a part of an inter-row to-be-removed portion
112 that adjoins the single pre-head portion 101 across the
position ABS where the medium facing surface 30 1s to be
formed. The aforementioned part of the inter-row to-be-re-
moved portion 112 corresponds to the “to-be-removed por-
tion” according to the present invention. In the following
description, this part will be referred to as a to-be-removed
portion, and will be designated by the reference numeral 102.
In the following description, with regard to a stack of layers
that 1s under the process of fabricating the substructure, the
portions to become the magnetic heads later will also be
referred to as pre-head portions 101, and the portions to be
removed later will also be referred to as to-be-removed por-
tions 102.

FIG. 12A to FIG. 26D each show a stack of layers 1n the
process ol fabricating the substructure. The portions lying
below the msulating layer 15 are omitted in FIG. 12A to FIG.
26D. Of FIG. 12A to FIG. 26D, FIG. nA (n 1s any integer
between 12 and 26 inclusive) 1s a plan view of the stack. FIG.
nB 1s a cross-sectional view showing a cross section of the
stack perpendicular to the medium facing surface 30 and the
top surface of the substrate 1. In FIG. nA, the position of the
cross section of FIG. nB 1s shown by the line nB-nB. FIG. n
1s a cross-sectional view showing a cross section of the stack
taken at the position ABS where the medium facing surface
301sto be formed. In FIG. nA and FIG. nB, the position of the
cross section of FIG. nC, 1.e., the position ABS where the
medium facing surface 30 1s to be formed, 1s shown by the line
nC-nC. In FIG. nA, the area above the line nC-nC 1s the

pre-head portion 101, and the area below the line nC-nC 1s the
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to-be-removed portion 102. In FIG. nB, the area to the right of
the line nC-nC 1s the pre-head portion 101, and the area to the
lett of the nC-nC 1s the to-be-removed portion 102. FIG. nD
1s a cross-sectional view showing a cross section of the stack
taken along the line nD-nD of FIG. nA and FIG. nB.

In the step of fabricating the substructure, first, the insulat-
ing layer 2 and the bottom reproduction shield layer 3 are
formed 1n this order on the substrate 1, as shown in FIG. 5.
Next, the MR element 5, the two bias magnetic field applying
layers 6 and the insulating layer 7 are formed on the bottom
reproduction shield layer 3. Next, the first top reproduction
shield layer 8, the nonmagnetic layer 9, the second top repro-
duction shield layer 10 and the insulating layer 11 are formed
in this order over the MR element S, the bias magnetic field
applying layers 6 and the msulating layer 7. Next, the coil 12
and the nsulating layers 13 and 14 are formed on the insu-
lating layer 11. The coil 12 and the insulating layers 13 and 14
are then flattened at the top by chemical mechanical polishing
(heremafiter referred to as CMP), for example. Next, the insu-
lating layer 15 1s formed over the top surfaces of the coil 12
and the insulating layers 13 and 14.

FIG. 12A to FIG. 12D show the next step. In this step, the
nonmagnetic metal layer 16 1s imitially formed on the 1nsu-
lating layer 15. Next, an mnitial nonmagnetic layer 17P, which
1s to become the nonmagnetic layer 17 later, 1s formed on the
nonmagnetic metal layer 16. Next, an etching mask layer 61
made of a metal material 1s formed on the 1nitial nonmagnetic
layer 17P. The etching mask layer 61 has a penetrating open-
ing 61a. As shown 1n FIG. 12A and FIG. 12B, the insulating
layer 15, the nonmagnetic metal layer 16, the initial nonmag-
netic layer 17P, and the etching mask layer 61 are formed
across the pre-head portion 101 and the to-be-removed por-
tion 102. As shown 1n FIG. 12A, the opening 61a includes a
portion that has a shape corresponding to the planar shape of
the magnetic pole 20 to be formed later and 1s located 1n the
pre-head portion 101, and a portion that 1s located 1n the
to-be-removed portion 102 so as to be continuous with the
foregoing portion.

FIG. 13A to FIG. 13D show the next step. In this step, the
portion of the mitial nonmagnetic layer 17P exposed from the
opening 61a of the etching mask layer 61 1s selectively
etched, whereby an accommodating groove 17a, 1n which a
plating film 1s to be accommodated later, 1s formed in the
initial nonmagnetic layer 17P. The etching of the initial non-
magnetic layer 17P 1s performed by reactive 1on etching or
ion milling, for example. This step makes the initial nonmag-
netic layer 17P into a plating-film-accommodating layer 17Q)
having the accommodating groove 17a. The plating-film-
accommodating layer 17Q) 1s made of, for example, an 1nor-
ganic isulating material such as alumina. As shown 1n FIG.
13A, the accommodating groove 17a includes a narrow
groove portion 17al for accommodating the narrow portion
20A of the magnetic pole 20, a wide groove portion 17a2 for
accommodating the wide portion 20B of the magnetic pole
20, and a to-be-removed groove portion 1743 that 1s provided
in the to-be-removed portion 102 so as to be continuous with
the narrow groove portion 1741 and 1s to be removed later.

FIG. 14A to FIG. 14D show the next step. In this step, the
nonmagnetic layer 62 1s formed to cover the entire top surface
of the stack shown in FIG. 13A to FIG. 13D. The nonmag-
netic layer 62 1s preferably formed by a forming method that
provides good step coverage. For example, atomic layer
deposition (hereinafter referred to as ALD) may be employed

as such a forming method.
FIG. 15A to FIG. 15D show the next step. In this step, a
mask 63 1s formed on the stack shown 1n FIG. 14A to FIG.

14D. As shown 1n FIG. 15A, the mask 63 1s disposed across
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the pre-head portion 101 and the to-be-removed portion 102.
The mask 63 covers at least the entire narrow groove portion
17al1 of the accommodating groove 17a and a part of the
to-be-removed groove portion 1743 that 1s continuous with
the narrow groove portion 17al. In the example shown in
FIG. 15A, the mask 63 also covers a part of the wide groove
portion 1742 that 1s continuous with the narrow groove por-
tion 17al1. The mask 63 1s formed by patterning a photoresist
layer by photolithography, for example.

FIG. 16A to FIG. 16D show the next step. In this step, the
clectrode film 19 1s formed to cover the entire top surface of
the stack shown 1n FIG. 15A to FIG. 15D.

FIG. 17A to FIG. 17D show the next step. In this step, the
mask 63 1s lifted off. Consequently, the electrode film 19 1s
not provided 1n the area of the accommodating groove 17a
that has been covered by the mask 63. More specifically, the
clectrode film 19 1s not provided at least 1n the entire narrow
groove portion 17al of the accommodating groove 17a and
the part of the to-be-removed groove portion 17a3 that 1s
continuous with the narrow groove portion 17aql. In the
example shown 1 FIG. 17A, the electrode film 19 1s not
provided in the part of the wide groove portion 1742 that 1s
continuous with the narrow groove portion 17al, either.

The electrode film 19 has a first part 191 provided 1n at least
a part of the wide groove portion 1742, and a second part 192
provided 1n a part of the to-be-removed groove portion 17a3.
The first part 191 has a first end 191qa that 1s closer to the
position ABS where the medium facing surface 30 1s to be
formed. The second part 192 has a second end 192a that 1s
closer to the position ABS where the medium facing surface
301s to be formed. A center position C at equal distances from
the first end 191a and the second end 192q falls within the
to-be-removed portion 102.

FIG. 18A to FIG. 18D show the next step. In this step, a
plating film 20P 1s formed by plating (electroplating) using,
the electrode film 19. The plating film 20P 1s formed 1n and
around the accommodating groove 17a. In the step of forming
the plating film 20P, the plating film grows from the surfaces
of the first part 191 and second part 192 of the electrode film
19. In FIG. 18B, the broken lines show how the plating film
20P grows. The arrows show the directions of growth of the
plating film 20P. The wide groove portion 1742 1s filled with
the portion of the plating film 20P that 1s grown from the
surface of the first part 191. The to-be-removed groove por-
tion 17a3 1s filled with the portion of the plating film 20P that
1s grown {rom the surface of the second part 192. The narrow
groove portion 17al where the electrode film 19 1s not pro-
vided 1s filled with a part of the portion of the plating {ilm 20P
that 1s grown from the surface of the first part 191.

As shown 1n FIG. 18B, the portion of the plating film 20P
grown from the first part 191 and the portion of the plating
film 20P grown from the second part 192 meet each other at
the position C in the accommodating groove 17a. This forms
a seam 201 between the two portions. As mentioned previ-
ously, the position C falls within the to-be-removed portion
102. The seam 201 therefore also lies 1n the to-be-removed
position 102.

FIG. 19A to FIG. 19D show the next step. In this step, a
not-shown slit1s imtially formed 1n the plating {ilm 20P by 1on
milling, for example. The slit 1s intended to separate a part of
the plating film 20P lying 1in and near the accommodating,
groove 17a from the other parts of the plating film 20P. Next,
a not-shown mask 1s formed to cover the part of the plating
film 20P lying 1n and near the accommodating groove 17a.
The outer edges of the mask lie inside the foregoing slit
tformed 1n the plating film 20P. Next, the parts of the plating
film 20P not covered with the mask are removed by wet
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ctching. The mask 1s then removed. Next, the plating film 20P
and the nonmagnetic layer 62 are polished by, for example,
CMP, until the etching mask layer 61 1s exposed. This flattens
the etching mask layer 61, the nonmagnetic layer 62, and the
plating {ilm 20P at the top.

FIG. 20A to FIG. 20D show the next step. In this step, the
etching mask layer 61 1s removed and the top surfaces of the
nonmagnetic layer 62 and the plating film 20P are etched by
ion milling, for example. The top surfaces of the plating-film-
accommodating layer 17Q), the nonmagnetic layer 62 and the

plating {ilm 20P are thereby exposed.
FIG. 21A to FIG. 21D show the next step. In this step, a

mask 64 1s formed on the stack shown in FIG. 20A to FIG.
20D. The mask 64 has an opening that 1s located 1n an area
including the area where the first shield 41 1s to be provided.
The mask 64 1s formed by patterning a photoresist layer by
photolithography, for example.

FIG. 22A to FIG. 22D show the next step. In this step,
portions ol the plating-film-accommodating layer 17Q and
the nonmagnetic layer 62, both of which are made of alumina,
for example, are 1mtially removed by wet etching, the por-
tions lying 1n the area where the opening of the mask 64 1s
located. The remaining portion of the plating-film-accommo-
dating layer 17Q) becomes the nonmagnetic layer 17. In this
step, the nonmagnetic metal layer 16 functions as an etching
stopper for stopping the progress ol etching. This step
exposes the entire periphery of the portion of the plating film
20P located 1n the area where the nonmagnetic layer 17 does
not exist. The mask 64 1s then removed. In FIG. 22B, the
position of the mask 64 yet to be removed 1s shown by a chain
double-dashed line. As shown 1n FIG. 22B, the foregoing wet
ctching produces an undercut, 1.¢., the phenomenon that some
of the portions of the plating-film-accommodating layer 170
and the nonmagnetic layer 62 lying under the mask 64 are also
ctched. The positions of the sidewalls of the nonmagnetic
layers 17 and 62 formed by the wet etching vary depending on
the etching condition.

FIG. 23A to FIG. 23D show the next step. In this step, a
nonmagnetic layer 51P of a nonmagnetic material 1s formed
by ALD, for example, so as to cover all the exposed surfaces
of the stack shown in FIG. 22A to FIG. 22D. The nonmag-
netic layer 51P 1s to become the first gap layer 51 later. A part
of the nonmagnetic layer 51P covers the entire periphery of
the portion of the plating film 20P where the entire periphery
1s exposed.

FIG. 24A to FIG. 24D show the next step. In this step, a
magnetic layer 41P 1s formed by frame plating, for example.
The magnetic layer 41P 1s formed around the portion of the
plating {ilm 20P where the outer periphery 1s covered with the
nonmagnetic layer 51P. The magnetic layer 41P 1s to become
the first shield 41 later.

FIG. 25A to FIG. 25D show the next step. In this step, the
nonmagnetic layer 67 1s mitially formed to fill the space
between the magnetic layer 41P and the nonmagnetic layer
51P. Next, the magnetic layer 41P, the nonmagnetic layers 17,
62 and 67, the plating film 20P, and the electrode film 19 are
polished by, for example, CMP, so as to flatten their top
surfaces. Next, in order to adjust the width and level of the
front end face 20A1 of the narrow portion 20A of the mag-
netic pole 20, the top surfaces of the magnetic layer 41P, the
nonmagnetic layers 17, 62 and 67, the plating film 20P and the
clectrode film 19 are etched by 10on milling, for example.

FIG. 26A to FIG. 26D show the next step. In this step, first,
a to-be-etched layer (not shown) that i1s to become the non-
magnetic layer 22 later 1s formed by lift-off, for example.
Next, anot-shown etching mask 1s formed on the to-be-etched
layer. The etching mask covers a part of the top surface of the
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to-be-etched layer, the part being intended to become the top
surface 226 of the nonmagnetic layer 22 later. The etching
mask 1s formed by patterming a photoresist layer by photoli-
thography, for example. Next, the other part of the to-be-
ctched layer which 1s not covered with the etching mask and
a part of the top surface of the plating film 20P are etched by
ion milling, for example. This etching makes the to-be-etched
layer 1into the nonmagnetic layer 22, as shown 1n FIG. 26B.
This etching also forms the first part 20¢1 and the second part
202 1n the top surface of the plating film 20P.

Next, although not shown, the second gap layer 52 1s
formed to cover the plating film 20P and the nonmagnetic
layer 22. Next, the nonmagnetic layer 22 and the second gap
layer 52 are each etched in part so as to expose a part of the top
surface of the plating film 20P on which the yoke layer 23 1s
to be disposed. Next, a plating layer that 1s to be made 1nto the
second shield 42 and the yoke layer 23 later 1s formed by
frame plating, for example. Next, anonmagnetic {ilm thatis to
become the nonmagnetic layer 24 later 1s formed to cover the
entire stack. The nonmagnetic film 1s then polished by, for
example, CMP, until the top surface of the plating layer is
exposed. This makes the nonmagnetic film 1nto the nonmag-
netic layer 24. Also, the second shield 42 and the yoke layer
23 are formed by the plating layer.

Next, as shown 1n FIG. 5, the insulating layer 23 1s formed
over areas of the top surfaces of the yoke layer 23 and the
nonmagnetic layer 24 above which the coil 26 1s to be dis-
posed. The coil 26 1s then formed by, for example, plating,
such that at least a part of the coil 26 lies on the 1nsulating
layer 25. Next, the insulating layer 27 1s formed to cover the
coil 26. Next, the return yoke layer 28 1s formed by frame
plating, for example. Next, the protection layer 29 1s formed
to cover the entire top surface of the stack. Wiring, terminals,
and other components are then formed on the protection layer
29. The substructure 1s completed by the foregoing steps.

In the step of fabricating the magnetic head from the sub-
structure, as described previously, the substructure 1s cut 1n
the positions of the inter-row to-be-removed portions 112 and
the intra-row to-be-removed portions 113 shown in FIG. 27,
whereby the plurality of pre-head portions 101 are separated
from each other and the medium facing surfaces 30 are
formed 1n the respective positions ABS where to form the
medium facing surfaces 30. A plurality of magnetic heads are
thereby fabricated from the substructure. When the medium
facing surface 30 1s formed, the plating {ilm 20P, the magnetic
layer 41P, and the nonmagnetic layer 51P shown 1n FIG. 268
become the magnetic pole 20, the first shield 41, and the first
gap layer 51, respectively.

The etlect of the magnetic head and the method of manu-
facturing the same according to the present embodiment will
now be described. In the magnetic head according to the
present embodiment, the magnetic pole 20 includes the nar-
row portion 20A and the wide portion 20B, and 1s formed of
a plating film. The electrode film 19, which 1s used when
forming the plating film to constitute the magnetic pole 20 by
plating, 1s provided not under the narrow portion 20A but
under at least a part of the wide portion 20B. Consequently, as
will be described later, the present embodiment prevents the
formation of a seam 1n the plating film 1n the narrow portion
20A.

The method of manufacturing the magnetic head according,
to the present embodiment includes the steps of: forming the
plating-film-accommodating layer 17Q that has the accom-
modating groove 17a; forming the electrode film 19 1n a part
of the accommodating groove 17q; and forming the plating
film 20P 1n the accommodating groove 17a by plating using
the electrode film 19. The accommodating groove 17a
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includes the narrow groove portion 1741 for accommodating
the narrow portion 20A of the magnetic pole 20, and the wide
groove portion 1742 for accommodating the wide portion
20B of the magnetic pole 20. The electrode film 19 1s pro-
vided not 1n the narrow groove portion 174l but 1n at least a
part of the wide groove portion 17a2. In the step of forming
the plating film 20P, the plating film 20P grows from the
surface of the electrode film 19, and the narrow groove por-
tion 174l 1s filled with a part of the plating film 20P. If any
clectrode film exists 1n the narrow groove portion 1741, two
portions of the plating film that are grown from the two
portions of the electrode film lying on the two sidewalls of the
narrow groove portion 17al1 meet each other to form a seam 1n
the plating film i1n the narrow portion 20A. In contrast,
according to the present embodiment, the absence of the
clectrode film 19 1n the narrow groove portion 17a1 prevents
the formation of a seam 1n the plating film in the narrow
portion 20A.

As described above, according to the magnetic head and
the method of manufacturing the same of the present embodi-
ment, 1t 1s possible to provide a magnetic head 1n which the
narrow portion 20A of the magnetic pole 20 has no seam in
plating film. If there 1s a seam 1n the plating {ilm 1n the narrow
portion 20A, the magnetic pole 20 drops in mechanical
strength and becomes susceptible to corrosion at the seam.
This results 1n the problems that the magnetic pole 20 1s
defect-prone 1n the process of manufacturing the magnetic
head, and that the magnetic head degrades 1n recording char-
acteristics including the overwrite property. The present
embodiment prevents such problems. According to the
present embodiment, 1t 1s therefore possible to prevent the
occurrence of defects 1n the magnetic pole 20 1n the process of
manufacturing the magnetic head, and to improve the record-
ing characteristics of the magnetic head.

The method of manufacturing the magnetic head according,
to the present embodiment also includes the steps of: fabri-
cating a substructure by forming components of the magnetic
head on a substrate, the substructure including a pre-head
portion 101 that 1s to become the magnetic head later and a
to-be-removed portion 102 that 1s to be removed later, the
to-be removed portion 102 adjoining the pre-head portion 101
across the position ABS where the medium facing surface 30
1s to be formed; and fabricating the magnetic head from the
substructure so that the to-be-removed portion 102 1s
removed from the substructure to form the medium facing
surtace 30.

The step of fabricating the substructure includes the steps
of: forming the plating-film-accommodating layer 17Q that
has the accommodating groove 17q; forming the electrode
film 19 in a part of the accommodating groove 17a; and
forming the plating film 20P in the accommodating groove
17a by plating using the electrode film 19. As shown 1n FIG.
13A to FIG. 13D, the accommodating groove 17a includes
the narrow groove portion 17al for accommodating the nar-
row portion 20A of the magnetic pole 20, the wide groove
portion 17a2 for accommodating the wide portion 20B of the
magnetic pole 20, and the to-be-removed groove portion 1743
that 1s provided 1n the to-be-removed portion 102 so as to be
continuous with the narrow groove portion 17al and 1s to be
removed later. As shown 1n FIG. 17A to FIG. 17D, the elec-
trode 11lm 19 has the first part 191 provided 1n at least a part of
the wide groove portion 1742, and the second part 192 pro-
vided 1n a part of the to-be-removed groove portion 1743. The
clectrode f1lm 19 1s not provided in the narrow groove portion
17al. The first part 191 has the first end 1914 that is closer to
the position ABS where the medium facing surface 30 1s to be
tformed. The second part 192 has the second end 192a that 1s
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closer to the position ABS where the medium facing surface
30 1s to be formed. As shown 1n FIG. 17A and FIG. 17B, the
center position C at equal distances from the first end 191a
and the second end 192q falls within the to-be-removed por-
tion 102. As shown in FIG. 18B, in the step of forming the
plating film 20P, the plating {ilm 20P grows from the surfaces
of the first part 191 and the second part 192 of the electrode
f1lm 19. The narrow groove portion 1741 1s filled with a part
of the portion of the plating film 20P that 1s grown from the
surface of the first part 191.

With reference to FI1G. 28, a description will now be given
of the relationship between the position of the electrode film
19 and the thickness of the plating film 20P. Initially, the
thickness of the plating film 20P will be defined as a dimen-
s10n of the portion of the plating film 20P that 1s perpendicu-
larly grown from the top surface of the first part 191 of the
clectrode film 19, the dimension being taken 1n the direction
perpendicular to the top surface of the first part 191. The
thickness of the plating film 20P will be represented by the
symbol x. The distance from the boundary between the nar-
row portion 20A and the wide portion 20B of the magnetic
pole 20 to the medium facing surface 30 will be referred to as
aneck height, and will be represented by the symbol NH. The
distance between the position ABS where the medium facing
surface 30 1s to be formed and the first end 191a will be
represented by the symbol y. The distance between the first
end 191a and the second end 1924 will be represented by the
symbol H.

In the step of forming the plating film 20P, the portion of the
plating film 20P grown from the first part 191 and the portion
of the plating film 20P grown from the second part 192 need
to be connected to each other so that the subsequent steps can
be performed without problems. From this point of view, the
plating film 20P needs to have a thickness x that 1s greater than
14 the distance H between the first end 191a and the second
end 192a. The thickness x of the plating film 20P 1s preferably
greater than the distance H. In other words, the thickness x of
the plating film 20P and the distance H need to satisty the

tollowing expression (1a), and preferably satisty the expres-
sion (1b).

Hix<2 (la)

H/x<1 (1b)

In order to prevent the electrode film 19 from being formed
in the narrow groove portion 1741, the distance y between the
position ABS where the medium facing surface 30 is to be
tormed and the first end 191a needs to be greater than the neck
height NH. The distance y and the neck height NH therefore

need to satisty the following expression (2).

WNH>1 (2)

As shown 1n FIG. 18B, the portion of the plating film 20P
grown from the first part 191 and the portion of the plating
film 20P grown from the second part 192 meet each other to
form a seam 201. The seam 201 needs to lie 1n the to-be-
removed portion 102. This requires that the center position C
at equal distances from the first end 1914 and the second end
192a fall within the to-be-removed portion 102. In other
words, the distance y between the position ABS where the
medium facing surface 30 1s to be formed and the first end
191a and the distance H between the first end 191¢a and the
second end 192a need to satisiy the following expression (3).

H/72>y, or equivalently, H/v>2 (3)

With reference to FI1G. 29 and FIG. 30, a description will
now be given of the result of a first experiment. The first
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experiment was performed for comparison between the struc-
ture of a magnetic pole that was formed by a method of
manufacturing a magnetic head of a comparative example
and the structure of a magnetic pole that was formed by the
method of manufacturing the magnetic head according to the
present embodiment. FIG. 29 shows a front end face 120A
ol the narrow portion of the magnetic pole that was formed by
the method of manufacturing a magnetic head of the com-
parative example. FIG. 30 shows the front end face 20A1 of
the narrow portion 20A of the magnetic pole 20 that was
formed by the method of manufacturing the magnetic head
according to the present embodiment.

Hereinatter, the magnetic pole 20 that was formed by the
method of manufacturing the magnetic head according to the
present embodiment for the first experiment will be referred
to as the magnetic pole of a first practical example. The
magnetic pole of the first practical example was formed under
the following conditions. The thickness x of the plating film
20P was 1.25 um. The distance y between the position ABS
where to form the medium facing surface 30 and the first end
191a of the first part 191 of the electrode film 19 was 0.20 um.
Theneckheight NH was 0.06 um. The distance H between the
first end 191a and the second end 192aq was 0.76 um. Such
values of x, y, NH, and H satisiy the foregoing expressions
(1a), (1b), (2), and (3).

In the method of manufacturing a magnetic head of the
comparative example, an electrode film 119 was formed 1n
the entire accommodating groove 17a of the plating-film-
accommodating layer 17, and a plating {ilm to constitute the
magnetic pole was formed by plating using the electrode film
119. The rest of the steps 1n the method of manufacturing a
magnetic head of the comparative example were the same as
those of the present embodiment. Heremaiter, the magnetic
pole that was formed by the method of manufacturing a
magnetic head ol the comparative example for the first experi-
ment will be referred to as the magnetic pole of a first com-
parative example.

The electrode film 119 used to form the magnetic pole of
the first comparative example and the electrode film 19 used
to form the magnetic pole 20 of the first practical example
were both configured so that a 12.5-nm-thick Ru layer and a
S50-nm-thick FeCo layer were stacked in this order on a
10-nm-thick T1 layer. The FeCo layer was composed of 65%
by weight of Fe and 35% by weight of Co. Both the magnetic
pole of the first comparative example and the magnetic pole

20 of the first practical example were formed 1nto a target
composition with 65% by weight of Fe, 32% by weight of Co,

and 3% by weight of Ni.

As shown 1n FIG. 29, the magnetic pole of the first com-
parative example had a seam 120S 1n the plating film 1n the
narrow portion. The seam 120S was formed between two
portions of the plating film that were grown from the two
portions of the electrode film 119 lying on the two sidewalls
of the narrow groove portion 17al of the accommodating
groove 17a. As shown 1n FIG. 30, the magnetic pole 20 of the
first practical example had no seam 1n the plating film in the
narrow portion 20A.

In the first experiment, the front end face 120A1 of the
narrow portion of the magnetic pole of the first comparative
example shown in FIG. 29 and the front end face 20A1 of the
narrow portion 20A of the magnetic pole 20 of the first prac-
tical example shown 1n FIG. 30 were analyzed for composi-
tion at positions A and B and at positions C, D, and E,
respectively, by using an EDX (Energy Dispersive X-ray
spectroscope). The position A was on the seam 120S and 100
nm above the bottom end of the front end face 120A1. The

position B was at the same level as the position A and off the
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secam 120S. The position D was 100 nm above the bottom end
of the front end face 20A1. The positions C and E were at the
same level as the position D and on opposite sides of the
position D 1n the track width direction. Table 1 shows the
composition analyses at the positions A to E. The numerals 1n
Table 1 show the contents of the respective components 1n
units of % by weight.

TABLE 1
Position Fe Co Ni S
A 64.2 31.8 3.4 0.6
B 64.9 31.6 3.3 0.2
C 65.2 31.8 2.9 0.1
D 64 .4 32.2 3.2 0.2
E 64.6 32.1 3.3 0.0

As shown 1n Table 1, the front end face 120A1 of the
narrow portion of the magnetic pole of the first comparative
example had an extremely high S (sulfur) content (0.6% by
weight) at the position A on the seam 1208S as compared with
the S (sulfur) content (0.2% by weight) at the position B off
the seam 120S. S (sulfur) 1s one of the elements contained in
the plating bath that was used for the formation of the plating,
f1lm, and 1s an 1impurity 1n the magnetic pole. The result of the
first experiment shows that impurities segregated at the seam
120S 1n the narrow portion of the magnetic pole of the first
comparative example. Such a seam 120S 1s low 1n mechanical
strength and susceptible to corrosion as compared with the
other portions of the magnetic pole. Consequently, in the
process of manufacturing the magnetic head, the magnetic
pole 1s prone to defects such as a deep recess 1n the position of
the seam 120S.

As shown in Table 1, the front end face 20A1 of the narrow
portion 20A of the magnetic pole 20 of the first practical
example had S (sulfur) contents in the range o1 0.0% to 0.2%
by weight at the positions C, D, and E. This shows that S
(sulfur), an impurity, was almost uniformly distributed 1n the
narrow portion 20A of the magnetic pole 20 of the first prac-
tical example. This prevents the narrow portion 20A from
sulfering from the seam-based problem mentioned above.

Next, a description will be given of the result of a second
experiment. The second experiment was performed to com-
pare recording and other characteristics between a magnetic
head that was manufactured by the method of manufacturing
the magnetic head according to the present embodiment and
a magnetic head that was manufactured by the method of
manufacturing a magnetic head of the comparative example.
In the second experiment, magnetic heads of second to fourth
practical examples were manufactured by the method of
manufacturing the magnetic head according to the present
embodiment. A magnetic head of a second comparative
example was manufactured by the method of manufacturing
a magnetic head of the comparative example. The conditions
for forming the magnetic poles in the second experiment were
the same as those 1n the first experiment except the target
compositions of the magnetic poles.

In the second experiment, each of the magnetic heads
manufactured was measured for the overwrite property. Each
of the magnetic heads was also checked for a seam 1n the front
end face of the narrow portion of the magnetic pole, and for
the occurrence of a defect in the narrow portion in the process
of manufacturing the magnetic head. Specifically, the defect
in the narrow portion refers to a deep recess that appears 1n the
position of a seam. Table 2 shows the results of the second
experiment. Table 2 lists the target compositions of the mag-
netic poles, the overwrite property OW (1n units of dB), the
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presence or absence of a seam, and the presence or absence of
the defect 1n the second to fourth practical examples and the
second comparative example. For the target compositions of
the magnetic poles, FeXCoYNi1Z indicates that Fe was X %
by weight, Co wasY % by weight, and N1 was Z % by weight.
For the overwrite property OW, the greater the better. With the
target compositions of the magnetic poles of the second to
fourth practical examples and the second comparative
example, the plating films each has a saturation flux density of
approximately 2.3 t0 2.4 T.

TABLE 2

Target composition OW Seam Defect
2nd practical Fe70C028N2 28 None None
example
3rd practical Fe65C032N3 28 None None
example
4th practical Fe60C037N3 27 None None
example
2nd compara- Fe62C035N3 25 Present  Present

tive example

As shown 1n Table 2, the magnetic heads of the second to
fourth practical examples had a 2- to 3-dB improved over-
write property OW as compared with that of the magnetic
head of the second comparative example. While a defect
occurred 1n the narrow portion of the second comparative
example, no defect occurred in the narrow portions of the
second to fourth practical examples. The reason for this seems
to be that the second to fourth practical examples did not have
a seam which existed in the second comparative example.

The effect of the magnetic head and the method of manu-
facturing the same according to the present embodiment was
confirmed from the results of the foregoing first and second
experiments.

Other effects of the present embodiment will now be
described. In the present embodiment, as shown 1n FIG. 1, the
front end face 20A1 of the narrow portion 20A of the mag-
netic pole 20 located in the medium facing surface 30
decreases 1n width with decreasing distance to the top surface
of the substrate 1. According to the present embodiment, 1t 1s
thus possible to suppress the adjacent track erase resulting
from a skew. The skew refers to the tilt of a magnetic head
with respect to the tangent of the circular track that occurs
according to the position of the magnetic head along the
direction across the tracks.

In the present embodiment, as shown in FIG. 3, the top
surface 20c of the magnetic pole 20 includes the first part
20c1 and the second part 20¢2. The distance between the top
surface ol the substrate 1 and an arbitrary point on the first part
20c1 increases with increasing distance between the arbitrary
point and the medium facing surface 30. Consequently,
according to the present embodiment, the front end face 20A1
of the narrow portion 20A of the magnetic pole 20 located 1n
the medium facing surface 30 can be reduced 1n size 1n the Z
direction. This allows the suppression of the adjacent track
erase resulting from a skew. Furthermore, the present
embodiment allows the improvement of overwrite property
since the magnetic pole 20 1s capable of introducing a large
amount of magnetic flux to the medium facing surface 30.

In the present embodiment, as shown in FI1G. 3, the distance
between the bottom surface of the second shield 42 and the
second part 20c2 1s greater than that between the bottom
surface ol the second shield 42 and the first part 20¢1. Accord-
ing to the present embodiment, the magnetic pole 20 and the
second shield 42 are opposed to each other via the second gap
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layer 52 only across a small area. This serves to prevent the
second shield 42 from being saturated with the magnetic field
leaking from the magnetic pole 20. Consequently, according
to the present embodiment, 1t 1s possible to increase the gra-
dient of the recording magnetic field by the function of the
second shield 42.

The present mvention 1s not limited to the foregoing
embodiment, and various modifications may be made thereto.
For example, 1n the foregoing embodiment, the plating film
20P to become the magnetic pole 20 1s formed 1n the accom-
modating groove 17a of the plating-film-accommodating,
layer 17() made of an 1inorganic insulating material. However,
the present invention 1s also applicable to the case where the
plating film 20P to become the magnetic pole 20 1s formed 1n
an accommodating groove of a plating-film-accommodating
layer that 1s made of a material other than 1norganic insulating
materials, such as photoresist.

In the foregoing embodiment, a part of the plating-film-
accommodating layer 17Q 1s removed after the formation of
the plating film 20P. However, the present invention 1s also
applicable to the case where no part of the plating-film-
accommodating layer 17Q 1s removed after the formation of
the plating film 20P.

In the present invention, the magnetic pole 20 may have a
tlat top surface 20c without the first and second parts 20c1 and
20c2.

The present invention 1s applicable not only to a magnetic
head for the perpendicular magnetic recording system but
also to a magnetic head for the longitudinal magnetic record-
ing system.

While the foregoing embodiment has been described with
reference to a magnetic head having a structure in which the
reproducing head 1s formed on the base body and the record-
ing head 1s stacked on the reproducing head, the reproducing
head and the recording head may be stacked 1n the reverse
order.

It1s apparent that the present invention can be carried out in
various forms and modifications 1n the light of the foregoing
descriptions. Accordingly, within the scope of the following
claims and equivalents thereolf, the present invention can be
carried out 1n forms other than the foregoing most preferred
embodiment.

What 1s claimed 1s:

1. A thin-film magnetic head comprising:

a medium facing surface that faces a recording medium;

a magnetic pole formed of a plating film; and

an e¢lectrode film provided under a part of the magnetic

pole, wherein:

the magnetic pole includes a narrow portion and a wide

portion, the narrow portion having a front end face
located in the medium facing surface and a rear end
opposite to the front end face, the wide portion being
connected to the rear end of the narrow portion and
having a width greater than that of the narrow portion,
the magnetic pole producing, from the front end face of
the narrow portion, a recording magnetic field for
recording data on the recording medium; and

the electrode film 1s provided not under the narrow portion

but under at least a part of the wide portion.

2. The thin-film magnetic head according to claim 1,
wherein the electrode film 1ncludes a layer made of a non-
magnetic metal material.

3. A head assembly comprising: a slider that 1s disposed to
face a recording medium; and a supporter that tlexibly sup-
ports the slider, the slider including the thin-film magnetic
head according to claim 1.
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4. A magnetic recording device comprising: a recording
medium; a shder that 1s disposed to face the recording
medium; and a positioning device that supports the slider and
positions the slider with respect to the recording medium, the
slider 1including the thin-film magnetic head according to
claim 1.

5. A method of manufacturing the thin-film magnetic head
according to claim 1, comprising the steps of:

forming a plating-film-accommodating layer that has an

accommodating groove 1n which the plating film 1s to be
accommodated later;

forming the electrode film 1n a part of the accommodating,

groove; and

forming the plating film 1n the accommodating groove by

plating using the electrode film, wherein:

the accommodating groove includes a narrow groove por-

tion for accommodating the narrow portion of the mag-
netic pole and a wide groove portion for accommodating
the wide portion of the magnetic pole;

the electrode film 1s provided not 1n the narrow groove

portion but 1n at least a part of the wide groove portion;
and

in the step of forming the plating film, the plating film

grows from a surface of the electrode film, and the nar-
row groove portion 1s filled with a part of the plating
film.
6. A method of manufacturing the thin-film magnetic head
according to claim 1, comprising the steps of:
fabricating a substructure by forming components of the
thin-film magnetic head on a substrate, the substructure
including a pre-head portion that 1s to become the thin-
film magnetic head later and a to-be-removed portion
that 1s to be removed later, the to-be-removed portion
adjoining the pre-head portion across a position where
the medium facing surface 1s to be formed; and

tabricating the thin-film magnetic head from the substruc-
ture so that the to-be-removed portion 1s removed from
the substructure to form the medium facing surface,

wherein the step of fabricating the substructure includes
the steps of:

forming a plating-film-accommodating layer that has an

accommodating groove in which the plating film 1s to be
accommodated later;

forming the electrode film 1n a part of the accommodating,

groove; and

forming the plating film 1n the accommodating groove by

plating using the electrode film, wherein:
the accommodating groove includes a narrow groove por-
tion for accommodating the narrow portion of the mag-
netic pole, a wide groove portion for accommodating the
wide portion of the magnetic pole, and a to-be-removed
groove portion that 1s provided in the to-be-removed
portion so as to be continuous with the narrow groove
portion and 1s to be removed later;
the electrode film has a first part provided 1n at least a part
of the wide groove portion and a second part provided 1n
a part ol the to-be-removed groove portion, the electrode
film not being provided in the narrow groove portion;

the first part ol the electrode film has a first end that 1s closer
to the position where the medium facing surface 1s to be
formed;

the second part of the electrode film has a second end that

1s closer to the position where the medium facing surface
1s to be formed:

a center position at equal distances from the first end and

the second end falls within the to-be-removed portion;
and
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in the step of forming the plating film, the plating film

grows Irom surfaces of the first and second parts of the

clectrode film, and the narrow groove portion 1s filled

with a part of a portion of the plating film that 1s grown
from the surface of the first part of the electrode film.

7. The method of manufacturing the thin-film magnetic

head according to claim 6, wherein the plating film has a

26

hickness greater than 2 a distance between the first end and

he second end of the electrode film.
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